A procedure for the isolation of intact vaccinia DNA molecules by chromatography on hydroxyapatite in the presence of 6 M urea is described. When lysates of virions containing 0.5 to 10 ,ug of DNA were employed, over 95% of the viral DNA could be recovered free of proteins. Vaccinia DNA molecules isolated in this manner sedimented at 68S in neutral sucrose gradients and had an average contour length of 62.3 ,um when examined in an electron microscope, and the DNA could be cleaved with the restriction endonucleases EcoRI and BamHI. The results of these analyses showed that intact vaccinia DNA molecules of 120 x 106 to 130 x 106 molecular weight could be obtained by the procedures described.
Digestion of viral DNAs with restriction endonucleases, followed by analysis of the fragments by electrophoresis in agarose gels, offers a method of identifying viruses on the basis of their unique restriction enzyme "fingerprints" (20) . Further, in situ hybridization techniques are now available that permit hybridization of mRNA species to restriction enzyme fragments transferred from agarose gels to cellulose-nitrate filters (15, 26) . These techniques offer the opportunity to study the mode of transcription of viral DNA and the genetic relatedness of viral strains assigned to a particular group. We would like to apply these methods for studying viruses of the Poxviridae family (7) . As an initial step in our studies, we have examined a number of procedures for the isolation of vaccinia virus DNA, our aim being the development of a general method for the rapid isolation of intact DNA in high yields. A number of methods have been used to isolate DNA from poxviruses (8, 12, 14, (21) (22) (23) (24) . Their main disadvantages have been in the relatively low yields of DNA obtained and/or the extensive fragmentation of the DNA during isolation. We report here a method for isolation of intact DNA molecules from poxviruses that appears to be generally useful for the purification of large DNA molecules from virus particles. In 1969, Bernardi described the isolation of intact T-even phage and other phage DNAs by hydroxyapatite chromatography (1).
The method to be described is based on the binding properties of double-stranded DNA to hydroxyapatite (HAP; 1, 2). Fragments of DNA-DNA and DNA-RNA hybrids were separated from single-stranded DNA, free RNA, and proteins by chromatography on HAP in the presence of a urea-phosphate solution (16, 18, 25) . By this method, protein-free intact DNA molecules from vaccinia virus were obtained when detergent-treated lysates ofpurified virions were applied to the HAP columns. The viral DNA molecules isolated in this manner were characterized by their sedimentation behavior in neutral sucrose gradients, by contour length measurements in the electron microscope, and by analysis of the fragments by electrophoresis in agarose gels.
The growth of mouse L-cells in suspension culture, infection of the cells, and purification of vaccinia virus strain WR from mouse L-cells have been described previously (6, (11) (12) (13) Figure 1 shows the result obtained when lysates of doubly labeled vaccinia virus particles were applied to an HAP column and the column was developed as (Fig. 1) (5).
DNA molecules of 120 x 106 to 130 x 106 molecular weight (3, 5, 9, 10, 24). It should be pointed out that sedimentation analysis in alkaline Sucrose gradients showed that when detergenttreated lysates of freshly prepared virions were employed (Method II, reference 10), over 70% of the viral DNA eluted from the HAP column, sedimented with unit-length and cross-linked mature viral DNA (5). However, when detergent-treated lysates from frozen virions were used, the viral DNA eluted from the HAP column contained a significant and variable number of nicks; this phenomenon may be related to the extensive sonic treatment used during virus purification or to the action of the virion-associated single-strand DNase that may be activated during storage and freeze-thawing of purified virions (10) . Contour length measurements of the viral DNA were carried out in an electron microscope after the molecules were spread by the formamide technique of Davis et al. (4) . The average length of the DNA molecules isolated by chromatography on HAP columns was 62.3 Im (Fig. 3) 
